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AN INVESTIGATION OF THE PRJ3VXiqTIOB OF I C E  ON 
THE AIRPLA7JE TIFJDSHIELD 
By Lewis  A .  Roder t  
An i n v e s t i g a t i o n  h a s  been comgle ted  on s e v e r a l  methods 
f o r  t h e  p r e v e n t i o n  a n d  r emova l  of  i c e  on a n  a i r p l a n e  v i n d -  
s h i e l d .  T e s t s  were  made on t h e  u s e  of e l e c t r i c  h e a t i n g ,  
h o t - a i r  h e a t i n g ,  a n d  an  a l c o h o l - d i  s p e n s i n g ,  r o t a t i n g  v i p e r  
b l a d e .  
The r e s u l t s  showed t h a t  v i s i o n  t h r o u g h  t h e  a i r p l a n e  
w i n d s h i e l d  c o u l d  be m a i n t a i n e d  d u r i n g  s e v e r e  f c i n g  cond i -  
t i o n s  by t h e  u s e  of h e a t .  T3en p u t  i n  o p e r a t i o n  p r i o r  t o  
t h e  f o r m a t i o n  o f  i c e  on t h e  windshield, t h e  r o t a t i n g  w i p e r  
b l a d e  p r e v e n t e d  t h e  f o r n a t i o n  of i c e .  A combina t ior ,  s y s -  
tem t h a t  employs t h e  u s e  o f  h e a t e d  a i r  a n d  a r o t a t i n g  
w i p e r  b l a d e  would a p p e a r  t o  g i v e  p r o t e c t i o n  a g a i n s t  forma-  
t i o n  of  i c e  on t h e  n i n d s h i e l d  e x t e r i o r ,  p r e v e n t  f r o s t  on 
t h e  i n t e r i o r ,  a n d  p r o v i a e  f o r  t h e  r emova l  of r a i n f a l l .  
The N a t i o n a l  A d v i s o r y  Committee f o r  A e r o n a u t i c s  i s  
c o n d u c t i n g  a program of i c e  r e s e a r c h  aimed t o  r e d u c e  t h e  
r i s k s  now a t t e n d a n t  w i t h  a i r p l a n e  o p e r a t i o n s  d u r i n g  i c i n g  
c o n d i t i o n s .  A p a r t  of t h i s  program i s  c o n c e r n e d  w i t h  t h e  
p r e v e n t i o n  of i c e  on t h e  a i r ? l a n e  w i n d s h i e l d ,  which i s  
known t o  be a p rob lem i n  u r g e n t  need  of s o l u t i o n .  An i n -  
v e s t i g a t i o n  h a s  been  comple t ed  on t h e  w i n d s h i e l d  i c i n g  
p rob lem i n  which s e v e r a l  p o s s i b l e  s o l u t i o n s  were  t r i e d .  
The methods t e s t e d  i n  t h e  p r e s e n t  i n v e s t i s a t i o n  i n v o l v e  
t h e  a p p l i c a t i o n  of  (1) h e a t  f rom an  e l e c t r i c  s o u r c e ,  ( 2 )  
h e a t  f rom t h e  e n g i n e  e x h a u s t ,  a n d  ( 3 )  an  a l c o h o l - d i s p e n s i n g  
r o t a t i n g  w i p e r  b l a d e .  Inasmuch as  t h e  problem of i c e  p r e -  
v e n t i o n  e x i s t s  i n  s e v e r a l  f o r n s ,  i t  i s  a n t i c i p a t e d  t h a t  
s e v e r a l  d i f f e r e n t  methods map f i n d  a p p l i c a t i o n  i n  some 
manner o r  l o c a t f o n  on t h e  n a r ~ l a n e .  The o b s t r u c t i o n s  of 
b v i s i o n  t h r o u g h  a w i n d s h i e l d  may r e s u l t  f rom i c e  o r  snow 
f o r m a t i o n s  on t h e  e x t e r i o r  s u r f a c e  o r  f rom t h e  f o r m a t i o n  of 
f r o s t  on t h e  i n s i d e .  The o b j e c t  o f  t h e  p r e s e n t  i n v e s t i g a -  
t i o n , . t h e r e f o r e ,  mas t o  d e t e r m i n e  t h e  e x t e n t  t o  which  t h e  
s e v e r a l  methods c o u l d  p r e s e r v e  v i s i o n .  O b s e r v a t i o n s  mere 
a l s o  made t o  d e t e r m i n e  t h e  c a p a c i t y  of t h e  r o t a t i n s  w i p e r  
b l a d e  t o  remove f a l l i n s  r a i n  f rom t h e  a i r p l a n e  w i n d s h i e l d .  
APPARATUS 
Most of t h e  t e s t s  on t h e  models a p p l y i n s  t o  v a r i o u s  
methods  i n c l u d e d  i n  t h e  i n v e s t i g a t i o n  were  made u n d e r  
s i m u l a t e d  i c i n g  c o n d i t i o n s  i n  f l i g h t  a l t h o u g h  some p r e -  
l i m i n a r y  t e s t s  of  t h e  e l e c t r i c a l l y  h e a t e d  model were  made 
i n  t h e  X . A . C . A .  7- by 3- foot  i c e  t u n n e l .  
The t e ~ p e r a t u r e s  n e c e s s a r y  f o r  l c i n g  c o n d i t i o n s  were 
o b t a i n e d  i n  f l i g h t  by c l i m b i n <  t o  t h e  p r o p e r  a l t i t u d e .  
Dur ing  t h e  t u n n e l  t e s t s ,  t h e  a i r  t e m p e r a t u r e  was con- 
t r o l l e d  by a r e f r i g e r a t i o n  sys tem.  I c i n s  c o n d i t i o n s  s e r e  
s i m u l a t e d  d u r i n g  a l l  t h e  t e s t s  by e s t a b l i s h i n g  t h e  n e c e s -  
s a r y  t e m p e r a t u r e s  and  d i s c h a r c s i 3 g  w a t e r d r o p s  i n t o  t h e  a i r  
s t r e a m  a h e a d  of t h e  n o d e i s .  The w a t e r d r o p  s i z e ,  a n d  t h e r e -  
f o r e  t h e  t y p e  of i c e ,  w a s  c o n t r o l l e d  by t h e  r e l a t i o n  ex- 
i s t e n t  between t h e  a i r  a n d  t h e  w a t e r  p r e s s u r e s  l e a d i n g  t o  
t h e  s p r a y  n o z z l e s .  I n  t h e  d e t e r m i n a t i o n  o f  t h e  c a p a c i t y  
of t h e  r o t a t i n g  ~ v i p z r  b l a d e s  t o  remove f a l l i n g  r a i n ,  sim- 
u l a t i o n  of t h e  n a t u r a l  c o n d i t i o n  of r a i n f a l l  mas a l s o  
p r o d u c e d  by t h e  u s e  of t h e  s p r a y  n o z z l e s .  
E l e c t r i c a l l y  Boa ted  Tunnel  ivfodel 
The t u n n e l  model of t h e  e l e c t r i c a l l y  h e a t e d  w i n d s h i e l d  
was mounted i n  t h e  l e a d i n g  edge  of a n  a i r f o i l  shape  a s  
shown i n  f i g u r e  1. The d i m e n s i o n s  of t h e  t r a n s p a r e n t  a r e a  
of t h i s  model a r e  9 i n c h e s  by 9 i n c h e s .  The t e s t  p n n e l  i s  
made of  two p a n e s  of g l a s s  1 / 8  i n c h  t h i c k ,  mounted i n  a 
f r ame  a n d  s e p a r a t e d  by a 1 / 4 - i n c h  gap.  The gap  between 
t h s  two panes  of  g l a s s  c o n t a i n s  e l e c t r i c  h e a t i n g  w i r e s .  
A l i q u i d  d i e l e c t r i c ,  e t h y l e n e  q l y c o l ,  tvns u s e d  t o  s u r r o u n d  
t h e  heat in^ m i r e s  and  a i d  t h e  t r a n s ~ n i s s i o n  of h e a t  f rom 
t h e  w i r e s  t o  t h e  g l a s s  and  p r e v e n t  l o c a l  o v e r h e e t i n g  of 
t h e  < l a s s  p a n e s .  D e t a i l s  i n  t h e  c o n s t r u c t i o n  of t h e  p a n e l  
r i m  p r o v i d e  f o r  t h e  e l e c t r i c a l  c o n n e c t i o n s ,  t h e  f i l l i n g  of 
t h e  i n t e r i o r  s p a c e  w i t h  e t h y l e n e  g l y c o l ,  and  i t s  r e t e n t i o n ,  
and  a space  i n t o  which t h e  h e a t e d  e t h y l e n e  g l y c o l  c o u l d  
expend.  The power consumed by t h e  h e a t i n s  w i r e s  mas meas'- 
u r e a  by t h e  vo I t  nslmeter method. The power was c o n t r o l 1 , e d  
by r e g u l a t i n g  t h e  v o l t a s e  a c r o s s  t h e  b e a t e r  v i t h  a r h e o s t a t .  
E l e c t  r i c a l l g  Bent  c d  F l i g h t  Biodel 
The f l i g h t  model of  t h e  e l e c t r i c a l l g  h e a t e d  v i n d s h i e l d  
Bas mounted i n  t h e  r i g h t .  f r o n t  w i n d s h i e l d  f r ame  of a  f o u r -  
p l a c e  c a b i n  monoplane ( f i q .  2). The d i m e n s i o n s  of t h e  t r a n s -  
p a r e n t  r e g i o n  of t h i s  p a n e l  were 5 by 9 . 7 5  i n c h e s .  A pho- 
t o g r a p h  of t h e  model p r i o r  t o  i n s t r i l l a t i o n  i n  t h e  a i r p l a n e  
i s  shown i n  f i c u r e  3 ( a ) .  The o u t s i d e  d imens ions  o f  t h e  
f r a m e ,  which vrzs s e t  i n t o  a c u t - o u t  i n  t h e  r e g u l a r  wind- 
s h i e l d ' ,  were 8 .1  by 1 3 . 1  i n c h e s .  I n  a d d i t i o n  t o  t h e ' h e a t -  
i n < - e l e m e n t  m i r e s  c o n t a i n e d  b e t r ~ e r n  t h e  p a n e s  of % l a s s ,  a 
h e a t i n g   ire n a s  e n c l o s e d  w i t h i n  t h e  r i m  of t h e  p a n e l .  I n  
o t h e r  c o n s t r u c t i o n  d e t a i l s ,  t h e  f l i q h t  t e s t  mod.el was sim- 
i l a r  t o  t h e  one ' t e s t e d  i n  t h e  t u n n e l .  
A s e c t i o n  drawing  of t h e  f l i ~ h t - t e s t  model i s  showa 
i n  f i g u r e  ~ ( b ) .  The w i r i n g  d i a s r a m  i s  shown i n  f i 3 u r e  
3 ( c ) .  E i g h t  h o r i z o n t a l  h e a t i n g   ires mere spaced  0.56 
i n c h .  The -power consumed was measured by e l e c t r i c  m e t e r s  
i n  a manner s i m i l a r  t o  t h e  rceasurenents  made d u r i n g  t u n n e l  
t e s t s .  The power consumed n n s  c o n t r o l l e d  by r h e o s t a t s  i n  
t h e  p a n e l  and  t h e  r i m - h e a t e r  c i r c u i t s .  The power f o r  t h e  
t e s t  p a n e l  was s u n p l i e d  by two 1 2 - v o l t  S a t t e r i e s  c o n n e c t e d  
i i i  p a r a l l e l .  
The h e a t e d - a i r  ~ i n i ~ s h i e 1 . d .  mounted on t h e  a i r p l a n e  f o r  
f l i g h t  t e s t s  i s  shown i n  f i g u r e  4 .  The t e s t  p a n e l ,  when 
mounted as shown, was s e t  i n t o  t h e  s i d e  1,vindow o f  t h e  c a b i n  
a i r p l a n e  a t  an a n q l e  of 30° w i t h  t h e  s i d e  of t h e  c r a f t .  
T h i s  model was a l s o  .mounted i n  a c u t - o z t  i n  t h e  r i g h t  f r o n t  
m i n d s h i e l d  d u r i n g  p a r t  of t h e  t e s t s ,  Then mounted i n  t h e  
f r o n t  w i n d s h i e l d  p a n e l  , t h e  d . i r e c t i o n  of t h e  h o t - a i r  f l o r r  
i n  t h e  model w i t h  r e l a t i o n  t o  t h e  d i r e c t i o n  of t h e  a i r  
s t r e a m  o v e r  t h e  o u t s i d e  n a s  t h o u g h t  t o  b e  u n f a v o r a b l e  t o  
t h e  most e f f i c i e n t  o p e r a t i o n  of t h e  h e a t i n <  sys tem.  I n  
o r d e r  t o  a v o i d  t h e  e x t e n s i v e  changes  r e q u i r e d  t o  b o t h  t h e  
a i r p l a n e  c i n d s h i e l d  f r a n e  and. t o  t h e  n o d e l  t o  o b t a i n  a de- 
s i r a b l e  o r i e n t a t i o n ,  t h e  moccl mas moved t o  t h e  s i d e  l o c a -  
t i o n .  The s i d e  mount i r~g  mns t h e r e f o r e  u t i l i z e d  f o r  t h e  
r a s t  of t h e  t e s t s  5 e c a u s e  i t  e l i m i c a t e d  t h e  o b j e c t i o n a b l e  
f e a t u r e s  of ?* mounting i n  t L e  f r o n t  pai2el of  t h i s  p a r t i c u -  
l a r  a i r p l a n e  a n d  g e t  Frovided .  c o n d i t i o n s  t h a . t m u l d  g i v e  
v a l i d  t e s t  r e s u l t s ,  The d i m e n s i o n s  of t h e  e x t e r i o r  of t h e  
f r ame  mere 9 by 1 4  i n c h e s .  The s i z e  of  t h e  t r a n s p a r e n t  
r e g i o n  o v e r  mhich i c e  mas p r e v e n t e d  was 6 by 11 i n c h e s .  
Soae . g l a s s  brea!rage 1va.s e x n e r i e n c e d  d u r i n g  t h e  e a r l y  t e s t s  
a i t h  t h i s  model o : ~ i n g  t o  i m p r o p e r  mount ing of t h e  g l a s s .  
Thsn t h e  ? ? l a s s  p a n e s  were u n i f o r m l y  h e a t e d  2nd ITere i n s u -  
l a t e d  f rom v i b r a t i o n  o r  p h y s i c a l  d e f l e c t i o n ,  b reakage  d i d  
n o t  o c c u r .  
The i m ? o r t a n t  d e t a i l s  of  t h e  c o n s t r u c t i o n  a r e  show? 
i n  f i g u r e  5. The t e s t  model c o n s i s t e d  of an i n t a k e  duc , t ,  
r e g u l . a t i n <  check  and  by-pass  v a l v e s ,  f r a m e ,  nnd two p a n e s  
o f  g l a s s .  T3e < l a s s  panes  .,?ere mounted i l z  a  f r ame  znd  scp-  
a r n t e d  by a s m a l l  a i r  gap. S a f e t y . $ l a s s  a n d  d o u b l e - g t r e n g t h  
window g l a s s  mere u s e d  w i t h  e q u a l  s u c c e s s  i n  t h e  model. 
The s t r u c t u r e  of t h e  f rzme p r o v i d e d  f o r  a v a r i e t i o n  of t h e  
gap betmoen t h e  p a 2 e s  of g l a s s  f rom 3/16 i n c h  t o  ~ / 8  i n c h .  
The g a p  betmeen t h e  p a n e s  of q l a s s  a n d  t b e  e d g e s  of t h e  
f rnme  p r o v i d e d  a d u c t  t h r o u g h  which h e a t e d  a i r  from t h e  
c a b i n  a i r  h e a t e r  mas p a s s e d .  
The t e m p e r a t u r e  drop  of t h e  a i r  p a s s i n g  between t h e  
g l a s s  p a n e s  was measured by L h e r m o ~ o u p l e s  l o c a t e d  i n  t h e  
h e s t e r  and  i n  t h e  a i r  o u t l e t  ( f i s .  5 ) .  The v e l o c i t p  of 
t h e  a i r  t h r o u g h  t h e  model was measured 3g p i t o t  aild s t a t - ,  
i c  t u b e s  l o c a t e d  i n  t h e  d u c t  a t  t h e  a i r  h u t l e t .  
B o t a t i n g  V i n d s h i e l d  V i p e r s  T e s t e d  i n  P l i g h t  
T e s t s  were made on t h e  r o t a t i n g  7,~i-per b l a d e s  i n  f l i ~ h t  
w i t h  t h e  models mo:lnted a s  shomn i n  f i y u r e s  6 ,  7 ,  and  8. 
T%ree  d i ' f e r e n t  d r i v e s  f o r  t ' l e  b l a d e s  were provided .  d u r i n s  
t h e  i n v e s t i : a t i o n .  An e l e c t r f  c-motor d r i v e  deve loped  a t  
t h e  N . A . C . A .  was u s e d  d u r i c 5  a , l l  t h e  i c e - p r e v e n t i o n  t e s t s .  
The motor of t h i s  d r i v e  consuaod  53 n a t 5 s  of e l e c t r i c  
power when c o n n e c t e d  t o  a  1 2 - v o l t  b a t t e r y .  The speed -  
c o n t r o l  r a n s e  of  t h i s  model v n r i e d  f rom ?GO t o  '750 r . p .3 .  
The m i n d s h i e l d - w i p e r  b l a d e  s k a f t  Tvas d r i v e n  by t 2 e  e l e c t r i c  
motor  t h r o u s h  a  f l e x i b l e  s h a f t .  Ano the r  d r i v e  was d e v e l -  
oued a t  t h e  N.A. C . & .  i n  ~ h i c h  t h e  a i n d s h i e l d - w i p e r  b l a d e s  
mere d r i v e n  t h r o u q h  a  f l e x i b l e  s h a f t  by t h e  a i r p l a n e  en- 
g i n e .  The f l e x i b l e  s h a f t  was a t t a c h e d  t o  t h e  a u x i l i a r y  
tachornet e r - sha f  t c o n n e c t i o n .  
A commerc i a l ly  d e v e l o p e d  model of t h e  e l e c t r i c - m o t o r  
t y p e  of d r i v e  was t e s t e d  f o r  t h e  removal  of r a i n  d u r i n r  
t h e  i n v e s t i g a t i o n .  Thc e l e c t r i c  motor i n  t h i s  d r i v e  con- 
sumed 90 w a t t s  of e l e c t r i c  pomer f rom a 1 2 - v o l t  b a t t e r y .  
The d r i v e  p e r ~ i t t e d  t i l e  w i p e r  b l a d e  t o  be t u r n e d  a t  s p e e d s  
up  t o  a b o u t  2 , 1 0 0  r.p.m. The b l a d e  s h a f t  mas d r i v e n  By 
t h e  motor  t h r o u s h  a f l e x i b l e  s h a f t  i n  a  manner s i m i l a r  t o  
t h e  model d e v e l o p e d  a,t t k e  N . A . C . A .  The i n s t a l l a t i o n  of 
t h i s  model i s  shown i n  f i g u r e  8. 
T5.e w i p e r  b l a d e s  t e s t e d  w i t h  t h e  v a r i o u s  d r i v e s  a r e  
shown i n  f i g u r e  9 .  Each w i p e r  b l a d e  c o v e r e d  a  d i s k  on t h e  
a i n d s h i e l d  1 0  i n c h e s  i n  d i a m e t e r .  S e c t i o n s  9 ( a ) ,  9 ( b ) ,  
a n d  9 ( c )  were d e v e l o p e d  a t  t h e  W.A.C.A.  l a b o r e t o r y .  The 
wicks  i n d i c a t e d  i n  t h e  f i s u r e s  mere of r o o d  f e l t .  The 
w i p e r  b l a d e s  mere c o n s t r u c t e d  of 1 /32 - inch  l a m i n a t e d  rub-  
b e r  s h e e t s .  S e c t i o n s  ( 4 )  a n d  ( e )  a r e  a d e p t a t i o n s  of a u t o -  
m o b i l e  w i n d s h i e l d - m i p e r  b l a d e s .  S e c t i o n  ( e )  d i f f e r s  f rom 
s e c t i o n  ( d )  o n l y  i n  t h a t  a s h i e l d  i s  a t t a c h e d  t o  t h e  l e a d -  
i n g  edge t o  a i d  i n  k e e p i n g  t h e  b l a d e  i n  c o n t a c t  w i t h  t h e  
g l a s s  when t u r n i n g  :) t h i 2 h  r o t a t i o n a l  speeds .  S e c t i o n  
( f ) ,  which h a s  a, s o l i d .  r u b b e r  b l a d e ,  h a s  been d e v e l o p e d  
commerc i a l ly  f o r  u s e  on a i r p l a n e  w i n d s h i e l d s .  S e c t i  ons  
(a), (I), ( c ) ,  a n d  ( f )  have  r i g i d  f r a m e s  r u n n i n g  t h e  f u l l  
l e n g t h  of t h e  b l a d e  d i s m e t e r .  S e c t i o n s  ( e )  and  ( d )  a r e  
made of two 5 - i n c h  b l a d e s  r u n n i n ~  f rom t h e  hub ou tward .  
The b l a d e  s e c t i o n s  a r e  h e l d  i n  c o n t a c t  w i t h  t h e  w i n d s h i e l d  
g l a s s  by a d j u s t a b l e  l e a f  s;princl;s ~noun ted  upon t h e  b l a d e  
hub c e n t e r .  Each of t h e  r o t a t i n g  w i p e r  312de s h a f t  mount- 
i n g s  p r o v i d e s  f o r  t b e  d i s c h a r ~ e  of a f l u i d ,  such  a s  a l c o -  
h o l ,  f rom t h e  c e n t e r  of t h e  b l a d e  s h a f t  unon t h e  o u t s i d e  
of t h e  v i n d s h i e l d .  I s o p r o p y l  a l c o h o l ,  1 8 0  p roo f  e t h y l  a l -  
c o h o l ,  and  180  p roo f  e t h y l  a l c o h o l  w i t h  a d e n a t u r a n t  n e r e  
u s e d  on t h o  w i p e r  b l ~ ~ d e  models  d u r i n g  t h e  t e s t s .  
RESULTS 
E l e c t r i c a l l y  Hea ted  Tunnel  Model 
The r e s u l t s  o b t a i n e d  i n  t h e  i c e  t u n n e l  f rom t e s t s  of 
t h e  e l e c t r i c a l l y  h e a t e d  r ~ i n d s h i c l a  model pure g i v e n  i n  t a -  
b l e  I ,  The S o r e r  r e q u i r e d  t o  n r e v e n t  t h e  f o r m a t i o n  of  i c e  
was measured when t h e  t e s t  p a n e l  was h e a t e d  p r i o r  t o  d i s -  
c h a r g i n g  ~ ~ ~ t e r d r o p s  f r o n  t h e  s p r a y  n o z z l e s .  The model f s  
shown i n  f i g u r e  1 0 ( a )  a f t e r  such  z t e s t  had been made. 
A t t e m p t s  t o  remove i c e  t h a t  had  been formed b e f o r e  h e a t  
was a p p l i e d  mere a l s o  made. Vhen i c e  was a l l o v e d  t o  fo rm 
p r i o r  t o  h e a t i n g  t h e  p a n e l ,  removal  mas o n l y  p a r t l y  e f f e c t -  
e d ,  a s  i s  sho~vn i n  f i g u r e  1 0 ( b ) .  I n  t h i s  t e s t  t h e  i c e  i n  
d i r e c t  c o n t a c t  w i t h  t h e  g l a s s  n a s  me l t ed .  The a t t a c h m e n t  
of t h e  i c e  c o v e r i n s  t h e  h e a t e d  a r e a  t o  t h a t  011 b o r d e r i n g  
r e s i o n s  p r e v e n t e d  t h e  comple t e  remov:l,l of t h e  f o r m a t i o n .  
The b r i d s i n s  of i c e  o v e r  f rom t h e  u n p r o t e c t e d  p a r t s  of t h e  
a o d e l  a p p a r e n t l y  p r e v e n t e d  t h e  i c e  f rom con inq  i n  c o n t a c t  
r i t h  t h e  < l a s s  a n d  t h e r e f o r e  f rom b e i n s  m e l t e d ,  The t u n -  
n e l  model f s i l e d  s t r u c t u r e l l y  vhen a l e a k  devo loped  a n d  
p-er rn i t t ad  t h e  e t h y l e n e  ; l y c o l  c o n t a i n e d  between t h e  two 
g n n e s  of g l a s s  t o  e s c a p e .  With no l i q u i d  s u r r o u n d i n g  t h e  
h e a t i n g  v i r o s ,  t h e  t o n u c r a t u r e  r i s e  a f  t h e  g l a s s  n e a r  them 
c a u s e d  t h e  g l a s s .  p a n c l s  t o  b r e c k .  E ' o l l o ~ r i n g  t b e  s t  r n c -  
t u r d  f ~ i l u r e  of t h e  t u n n e l  model ,  t h e  t e s t s  were c o n t i n -  
ued i n  f l i g h t  on ail i ~ p r o v e d  t e s t  p a n e l .  
E l e c t r i c a l l y  S e a t e d  F l i 5 h t  T e s t  Model 
The r e s u l t s  of t h e  f l i ~ h t  e s t s  tvi th  t h e  e l e c t r i c a l l y  
h e n t e d  n o d e l  a r e  ::iven i n  t n b l e  11. F i s u r e s  l l ( a )  
l l ( b ) .  shorn t h e  f1ip;i l t  i i l o d ~ l  a f t e r  t e s t s  d u r i n g  which t h e  
fo rm,c t ion  of i c e  o v e r  t h e  p r o t e c t e d  p a n e l  was p r o h i b i t e d .  
The t e n d e n c y  r,f i c e  t o  ove rhang  t h e  p r o t e c t e d  r e g i o n ,  which 
had  been  expe r i enced .  d u r i n g  t 5 e  t u n n e l  t e s t s ,  mas p r e v e n t e d  
b:~.  eating t h e  r i m  of t 2 e  p r o t e c t e d  a r e a .  The p r o t r u s i o n  
of t h e  r i m  of t h e  t e s t  g z n e l  a % o u t  1 /16  i n c h  from t h e  s u r -  
r o u n d i n g  w i n d s h i e l d  may a l s o  have a i d e d  i n  t h e  p r e v e n t i o n  
of i c e  f rom t h e  u n 2 r o t e c t e d  a r e a s ,  The r i m  h e a t i n s ,  which 
was effective i n  p r e v e n t i n g  i c e  f rom o v e r h a n ~ i n 3  t h o  p ro -  
t e c t e d  p a n e l ,  r e q u i r e d  abou t  2 w a t t s  p e r  i n c h  of  r i m .  
Dur ing  t h e  i c i n g  t e s t s ,  v i s i S i l i t y  t h r o u g h  t h e  t e s t  s ec -  
t i o n  mas poor  owin; t o  t h e  p r o s e n c c  of n a t e r d r o p s  on t h e  
e x t e r i o r  s u r l a c e .  The o b s e r v a t i o n s  made i n d i c a t e d  t h a t  
t h e  v i s i b i l i t y  d u r i n g  i c i n g  c o n d i t i o n s ,  r h e ~  t h e  model mas 
bein!-; h e a t e d ,  mas aFcu t  t h e  ::,odiile a s  t h r o u g h  ..tn o r d i n a r y  
t~ indski iehd .  s t r u c k  by f a l l - i n 5  r a i n .  Vis ior i  th rouqf i  t h e  
d.ouble-:';Lass p z n e s  al:d t:irou<!i t h e  e t h y l e n e - s l y c o l  f i l l e r  
was s a t i s f a c t o r y ,  b e i n <  ribout t h e  same a s  throu.$h n s i rni-  
l a r  t h i c k n e s s  of g l a i n  g l a s s .  
k i r - H e a t  ed F l i % h t  Model 
The d a t z  a n d  o b s e r v a t i o n s  t8ken d u r i n g  t h e  t e s t  v i t h  
t h e  a i r - h e a t e d  model % r e  r e c o r d e d  I n  t a b l e  111. T e s t s  
were made d u r i n g  mhich i c e  was g r e v e n t e d  f rom f o r m i n g  m i d  
i n  wh ich  a t h i n  s h e e t  of p r e 3 r x e d  i c e  mas renoved .  IJnder  
i c i n g  c o n d i t i o n s  s i m i l ~ r  t o  t k o s e  e x i s t e n t  d u r i n g  t h e  t e s t s  
on t h e  o t h e r  mode l s ,  t h e  3 i r - h e a t e d  g n n e l  gave  s a t i s f a c t o r y  
p r o t e c t i o n  a ~ a i n s t  t h e  l o s s  of v i s i o n .  A l though  t h e  u s e  of 
t h e  d i f f e r e n t  <a;3 e i z e s  bet;veen t h e  v n r i o u s  panes  of < l a , s s  
s l i s h t l y  c h n n ~ n d  t h e  t e m p e r a t u r e  distribution a l o n g  t h e  
p a n e l ,  t h e  d e ~ ~ e e  of i c e  p r o t e c t i o n  w a s  u n a f f e c t e d  by t h i s  
chanii;e. One f l i g h t  was xade  t o  d e t e r n i n e  t h e  manner a n d  
t h e  t e m p e r a t u r e  a t  which t h e  model would f a i l  t o  p r e v e n t  
i c e .  The t e m p e r a t u r e  of t 3 e  a i r  q r a d u a l l y  r e d u c e d  and  
t h e  q u a n t i i : ~  of r a t e r  ? L i s c h a r g e d  a a s  i n c r e a s e d  t o  t h e  l a r g -  
e s t  c a n a c i t y  t h a t  c o u l d  be d e l i v e r e d  t o  t h e  s p r a y  n o z z l e .  
These  c o n d i t i o n s  r e s a l t e d  i n  t h e  f o r m a t i o n  of i c e  on t h e  
s u r r o u n d i n g  p a r t s  of t h e  a i r ~ 3 l a n e  w i n d s h i e l d  a t  t h e  r a t e  
of a b o u t  1 i n c h  i n  3 minu te s  A f t e r  20 m i n u t e s  of f l i g h t  d 
w i t h  an  a i r  t e m p e r a t u r e  of 8 F . ,  a b o u t  75 p e r c e n t  of t h e  
a r e a  of  t h e  w indsh ie l -d  remained. c l e a r .  I c e  w a s  o b s e r v e d  
t o  fo rm zloni; t h e  e d g e s  of t h e  g a n e l  n e a r  t h e  a i r - o u t l e t  
end.  The combina t ion  of a i r  t e m ~ e r a t u r e  a n d  q u a n t i t y  of 
w a t e r  u s e d  i n  t h i s  t e s t  i s  b e l i e v e d  t o  r e p r e s e n t  a n  i c i n g  
c o n d i t i o n  more s e v e r e  t h a n  w i l l  n o r m a l l y  be  e n c o u n t e r e d  by 
a i r c r a f t  i n  f l i g h t .  U n f o r t u n a t e l y ,  p h o t o g r a p h i c  r e s u l t s  
of t i l i s  t e s t  model a r e  u n a . v a i l a b l e .  High s u r f a c e - a i r  tem- 
p e r a t u r e s  a t  t h e  a i r p o r t  when t h e  t e s t s  mere made p r e v e n t -  
e d  t h e  r e t u r n  of t h e  a i r p l a , n e  t o  t h e  h a n g a r  w i t h  t h e  un- 
m e l t e d  i c e .  
R o t a t i n g  Vindsh i  e ld-Wiper  B l a d e s  
I c e  was ? r e v e n t e d  f rom fo rming  by t h e  r o t a t i n g  wind- 
s h i e l d - w i p e r  b l a d e s  bu t  c o u l d  n o t  be removed i f  f o r m a t i o n  
o c c u r r e d  b e f o r e  t 3 e  b l a d e  a a s  p u t  i n  o p e r ~ ~ t 9 o n .  Photo-  
g r a p h s  showing t h e  t e e t  ? a n e l  a f t e r  a f l i ~ ; h t  d u r i n g  which  
i c e  mas p r e v e n t e d  f r o n  f o r m i n g  a r e  shown i n  f i g u r e s  1 2 ( a )  
a n d  1 2 ( b ) .  A l l  t h e  a l c o h o l s  used  were s a t i s f a c t o r y  f o r  
t h e  p r e v e n t i o n  of i c e ,  a l t h o u g h  t h e  d e n a t u r e d  a l c o h o l  
c a u s e d  a  s l i g h t  b l u r r i n , ;  of v i s i o n  t h r o u g h  t h e  p r o t e c t e d  
d i s k .  80 d a t a  a r e  n v a i l a b l e  r e g a r d i n g  t h e  c o n t e n t s  of  t h e  
d e n a t u r l n t  u s e d .  L a t e r  t e s t s  were made w i t h  p u r e  e t h y l  
a l c o h o l  a n d  ~ i t h  i s o g r o ? y l  a l c o h o l .  The q u a n t i t y  of a l c o -  
h o l  u s e d  i s  t h o u g h t  t o  be c o - r e c t .  One g a l l o n  w a s  s u f f i -  
c i e n t  f o r  a f l i g h t  of 2  h o u r s  i n  m o d e r a t e l y  s e v e r e  i c i n g  
c o n d i t i o n s .  Then i c e  mas p e r m i t t e d  t o  fo rm ? r i o r  t o  t h e  
r o t a t i o n  of t h e  w i p e r  512.de shp-ft , i c e  c o u l d  n o t  be  r e -  
moved. A t t e m 9 t s  t o  o p e r a t e  t h e  r o t a t i n g  t1;iger b l a d e  a l t e r  
i c a  h a d  formed on t h e  < l a , s s  r e s u l t e d  i n  mechan ica l  f a i l u r e  
of t h e  d r i v e .  
The d e s i q u  of t h e  b l a d e  mas c o n t r o l l e d  by t h e  p rob lem 
o l  removin2  r a i n f a l l  r a t h e r  t !~an t h e  p r e v e n t i o n  of i c e .  
A l l  t h e  b l a d e s  t e s t c d  < a v e  s e t i s f a c t o r y  i c e  p r e v e n t i o n  a l -  
t h o u g h  o n l y  s e c t i o n s  (a), (b), and  ( f )  ( s e e  f i g .  9 )  gave  
s a t i s f a c t o r y  removal  02  heavy  r a i n f a l l .  S e c t i o n s  ( d )  and  
( e l ,  a l t h o u g h  r e q u i r i n g  l e s s  power t h a n  d i d  t h e  o t h e r  mod.- 
e l  s e c t i o n s ,  viere u n s a t i s f a c t o r y  because  t h e y  mere l i f t e d  
o f f  t h e  G l a s s  by t h e  a i r  s t r e a m  o v e r  a  p a r t  of t h e  swept  
a r e a .  
I c e  !vas p r e v e n t e d  on t h e  r i n d s h i e l d  by s h a f t  r o t a -  
t i o n a l  s p e e d s  betmeen 3 0 0  a n d  2 , 0 3 0  r.c.m. The removal  of 
,- - - - - 
heavy  r a i n f a l l  r e q a i  r e d  s h a f t  r o t a t i o n a l  s p e e d s  i n  e x c e s s  
of 750  r.p.m. The 93-matt e l e c t r i c  motor mi th  which t h e  
c o n n e r c i a l l y  d e v e l o p e d  x o d e l  was e q u i p p e d  seemed t o  be  t h e  
min inun  Dower w i t h  which a  lQ- inch -d ia ,me te r  b l a d e  c o u l d  
be d r i v e n .  
DISCUSSIOW 
The i n v e s t i s a t l o n  of t h e  p r e v e n t i o n  of i c e  on a i r p l a n e  
w i n d s h i e l d s  i n d i c a t e s  t h a t  i c e  can be b o t h  p r e v e n t e d  and  
removed by t h e  u s e  of e l e c t r i c a l l y  ~3 roduced  h e a t  o r  h e a t e d  
a i r  a n d  gay be p r e v e n t e d  f rom fo rming  by t h e  u s e  of a  r o -  
t a t i n g  wipe r  b l a d e  t h a t  d i s p e n s e s  a l c o h o l  f rom i t s  c e n t e r .  
The e l e c t r i c a l l y  h e a t e d  w i n d s h i e l d  m i l l  g i v e  i t s  b e s t  
o G e r a t i o n  wher p u t  i n  a c t i o n  b e f o r e  i c e  h a s  formed on t h e  
g l a s s .  The L3ower s e q u i ~ - e d  s t  a.ny a i r  s g o c d  f o r  t 5 e  p reven -  
t i o n  of i c e  O i l  t h e  < l a s s  by che  u s e  of h e a t e d  v i r e s  i s  
< i v e n  bv t h e  equaf i o l  
P v = ? x V  0.78 m a t t s  p e r  s q u a r e  f o o t  ( 1 )  
i n  which  V i s  t h e  v e l o c i t y  of t h e  a i r g l a n e  i n  m i l e s  p e r  
h o u r .  
About 2 v a t t s  of t h e  por,:er i n d i c a t e d  by e q u a t i o n  ( 1 )  
f o r  e a c h  i n c h  of r i m  of t h e  p r o t e c t e d  p a n e l  s h o u l d  be con- 
c e n t r a t e d  i n  t h e  f r ame  t o  p r e v e ~ i t  i c e  f rom o v e r h a n g i n g  t h e  
e d g e s .  I f  t h e  h e a t e d  ? a n e l  n r o t r u d e s  f rom t h e  s u r r o u n d i n g  
s t r u c t u r e ,  t h e  t e n d e n c y  of t h e  i c e  t o  b u i l d  out o v e r  t h e  
13 ro t ec t ed  p s n e l  f rom t h e  e d g e s  a p p e a r s  t o  be  r e d u c e d .  On 
t h e  b a s i s  of o b s e r v a t i o n s  made du'ing t h e  t e s t s  a n d  an a n a l -  
y s i s  of t h e  t h e o r e t i c a l  d e s i g n  of ;:n e l e c t r i c a l l y  h e a t e d  
w i n d s h i e l d ,  i t  i s  s u g g e s t e d  t h a t  t h e  ? i e a t i n g  w i r e s  be  ar-  
r a n s e d  p e r p e n d i c u l a r  t o  t h e  d i r e c t i o n  o f  t h e  a i r  s t r e a m .  
On t h e  same b a s i s ,  i t  i s  s u ~ . ; e s t e d .  t h a t  t h e  w i r e s  be  ma6e 
rriore c l o s e l y  m paced ;?ear t h e  n i r - s t r e a n  e n t e r i n g  edge  of 
t h e  n ~ d e l  t h a n  o v e r  t h e  r e s t  of t h e  g a n e l .  The h e a t i n g  
method h a s  been shovn t o  p r e ~ r e n t  i c e  on t h e  e x t e r i o r  a n d  
f r o s t  on t h e  i n t e r i o r  of t h e  a i r p l x n c  l , ~ i n d s h i e l d ,  b u t  t h e  
n e t h o d  makes no p r o v i s i o n  f o r  t h e  removnl  of r a i n f a l l .  
The h e a t  r e q u 5 r e d  t o  :srevent t h e  f o r m a t i o n  of i c e  by 
t h e  u s e  of kiea'ted ~ i r  i s  g i v e n  by t h e  e q u a t i o n  
PA = 24 x V o.7a 3.  t .u.  pep  s q u a r e  f o o t  p e r  h o u r  ( 2 )  
which g i v e s  t h e  sane  r e s u l t s  but  i n  d i f f e r e n t  u n i t s  t h a n  
e q u a t i o n  (I). 
Although t h e  s i z e  of t h e  3ag between t h e  two p a n e s  of 
g l a s s  e n t e r s  i n t o  t h e  t h e o r e t i c a l  d e s i s n  of t h e  a i r - h e a t e d  
w i n d s h i e l d ,  t h e  v a r i a t i o n s  made d u r i n g  t h e  t e s t s  between 
1 / 8 - i n c h  and 3 /16- inch  mere i n s u f f i c i e n t  t o  e f f e c t  t h e  p r e -  
v e n t i o n  of i c e .  O b s e r v a t i o n s  made d u r i n g  t h e  t e s t  i n d i -  
c a t e d  t h e  d e s i r a b i l i t y  of d e s i g n i n g  t h e  a i r - h e a t e d  mind- 
s h i e l d  i n  such  a manner t h a t  t h e  f l o w  of  a i r  between t h e  
p a n e s  of G l a s s  was i n  t h e  same d i r e c t i o n  as t h e  a i r  p a s s -  
i n g  o v e r  t h e  e x t e r i o r .  A t h e o r e t i c a l  c o n s i d e r a t i o n  of t h e  
d e s i g n  a l s o  s u p p o r t s  t h i s  o b s e r v a t i o n .  I t  may a l s o  be of 
i n t e r e s t  t o  n o t e  t h a t ,  a c c o r d i n s  t o  t h e  t h e o r e t i c a l  a n a l y -  
s i s  o f  t h e  d e s i g n ,  t h e  power i n  h e a t  r e q u i r e d  t o  p r e v e n t  
i c e  w i l l  be  l e s s  when l a m i n a r  f l o v  o v e r  t h e  w i n d s h i e l d  
p r e v a i l s  t h a n  when t h e  f l o w  i s  t u r b u l e n t .  Inasmuch a s  t h e  
f l i g h t  t e s t s  mere conductod i n  t h e  p r o p e l l e r  mash and t u r -  
b u l e n t  r e g i o n s ,  e q u a t i o n s  ( 1 )  and  ( 2 )  a r e  p r o b a b l y  con- 
s e r v a t i v e .  
The u s e  of t h e  r o t a t i n g  v i p e r  b l a d e  d i s p e n s i n g  a l c o h o l  
p r o v i d e s  f o r  t h e  removal of r a i n f a l l  as  w e l l  a s  t h e  preven-  
t i o n  of i c e  and t h e r e f o r e  may be p r e f e r a b l e  on some a i r p l a n e  
i n s t a l l a t i o n s  t o  t h e  o t h e r  methods.  The a d v a n t a g e  of t h e  
r o t a t i n g  wipe r  b l a d e  seems t o  be t h a t  i t  i s  e a s i l y  d e s i g n e d  
and  e a s i l y  a d a p t e d  t o  e x i s t i n g  a i r c r a f t .  The wipe r -b lade  
method i s ,  however ,  r e s t r i c t e d  becaztse of i t s  i n a b i l i t y  
e i t h e r  t o  remove a preformed i c e  s h e e t  o v e r  t h e  o u t s i d e  of 
t h e  w i n d s h i e l d  o r  t o  remove f r o s t  from t h e  i n s i d e  of t h e  
w i n d s h i e l d .  I t  i s  though t  t h a t  p r o v i s i o n  f o r  manual ope r -  
a t i o n ,  such  a s  by a  handwheel ,  mould overcome t h i s  o b j e c -  
t i o n .  Al though t h e  e n g i n e - d r i v e n  wipe r  had such a p r o v i -  
s i o n ,  no o b s e r v a t i o n s  have a s  y e t  been made on i t s  ope ra -  
t i o n .  The method i s  f u r t h e r  d i s q u a l i f i e d  by t h e  l i m i t a -  
t i o n s  i n  t h e  a r e a  t h a t  can be  cove red  by a r o t a t i n g  w i p e r  
b l a d e  and by a p a r t i a l  o b s t r u c t i o n  of t k e  p i l o t ' s  v i s i o n  
due t o  t h e  l o c a t i o n  of t h e  b l a d e  hub. 
The h e a t e d - a i r  p a n e l  a p p e a r s  t o  be t h e  most s a t i s f a c -  
t o r y  s o l u t i o n  t o  t h e  w i n d s h i e l d - i c i n g  problem,  p r o v i d e d  
t h a t  a s o u r c e  o f  a i r  a t  a t e m p e r a t u r e  o f ' b e t w e e n  170' a n d  
Z O O 0  F. i s  a v a i l a b l e .  The a i r - h e a t e d  ? a n e l  h a s  two advan-  
t a g e s  o v e r  t h e  e l e c t r i c a l l y  h e a t e d  p a n e l ;  i t  i s  more e a s i l y  
d e s i g n e d  and u s e s  n o r m a l l y  m&sted exhaus t -gas  e n e r g y ;  
w h e r e a s ,  t h e  e l e c t r i c a l l y  h e a t e d  p a n e l  must be k e p t  l i q u i d -  
t i g h t  and must u s e  e l e c t r i c  S a t t e r i e s  f o r  power. The a i r -  
h e a t e d  model a l s o  h a s  t h e  same a d v a n t a g e s  o v e r  t h e  mind- 
s h i e l d  w i p e r  r : i th  reciard t o  t h e  s o u r c e  or" h e a t  a n d ,  i n  ad-  
d i t i o n ,  h a s  t h e  a d v n n t a s e  of S e i n g  f r e e  f rom n o v i n s  me- 
c h z n i c a l  p a r t s .  Inasmuch 3s e a c h  of  t h e  sys t ems  t e s t e d  
h a s  q i v e n ,  i n  some ineasure ,  s r 2 t i s f a c t o r y  r e s u l t s ,  i t  i s  
e x p e c t e d  t h a t  a l l  w i l l  f i n d  a p p l i c a t i o n  8 c c o r d i n g  t o  t h e  
r e q u i r e m e n t s  a n d  l i m i t a t i o n s  of t h e  p a r t i c u l a r  i n s t a l l a -  
t i o n .  The p o s s i b i l i t y  a n d  a d v a n t a g e s  of combining t h e  ro -  
t a t i n g  w i p e r  b l a d e  w i t h  t h e .  n o t - a i r  sys t em w i l l  be n o t e d .  
By s u c h  a c o m b i n a t i o n ,  p r o t e c t i o n  a g a i n s t  i c e  n i l 1  have 
been doub ly  p r o v i d e d  o v e r  a l i m i t e d  a r e a .  I n  a d d i t i o n ,  
t h e  i n t e r i o r  of t h e  h e a t e d  w i n d s h i e l d  w i l l  be p r o t e c t e d  
a g a i n s t  f r o s t  a n d  p r o v i s i o n  w i l l  have been  made f o r  some 
v i s i o n  th rough  t h e  n i n d s \ i e l d  when f l y i n g  i n  r a i n .  The 
e x i s t i n e  p r a c t i c e  of  making t h e  a i r p l a n e  n i n d s h i e l d  r e -  . 
t r a c t a b l e  o r  removable  by t h e  p i l o t  mas become u n n e c e s s a r y  
i f  a d e q u a t e  p r o t e c t i o n  a ~ a i n s t  l o s s  of v i s i o n  due t o  r a i n  
o r  i c e  can be p r o v i d e d .  The p o s s i b i l i t y  i s  t 5 e r e f o r e  n o t e d  
t h a t  t h e  added  d e s i g n  c o m p l i c a t i o n s  r e s u l t i n g  from t h e  i n -  
s t a l l a t i o n  o f  i c e - p r e v e n t i o n  eq~r ipmen t  may i n  p a r t  be o f f -  
s e t  by o t h e r  d e s i $ n  s i m p l i f i c a t i o n s .  
COB CLUS I OHS 
T e s t s  i n ' t h e  7-  by 3 - f o o t  i c e  t u n n e l  a n d  i n  f l i g h t  i n -  
d i c a t e d  t h a t :  
1. I c e  c o u l d  be p r e v e n t e d  from fo rming  on t h e  wind- 
s h i e l d  by e l e c t r i c  h e a t ,  by h e a t e d  a i r ,  o r  by an a l c o h o l -  
d i s p e n s i n g ,  r o t a t i n g  n i g e r  b l a d e .  
2 .  P re fo rmed  i c e  cov.ld - ~ e  rerloved from t h e  a i r p l a n e  
w i n d s h i e l d  by t h e  u s e  of e i t h e r  e l e c t r i c  o r  h o t - a i r  h e a t -  
i n g .  
3. The power r e q u i r e d .  by a h e a t i n g  s y s t e m  f o r  t h e  
p r o t e c t i o n  a g a i n s t  i c e  could.  be  computed by one of  t h e  f o l -  
l o w i n g  e q u a t i o n s  : 
P v = 7 x V  0.78 w s t t s  y e r  s q u e r e  f o o t  
PA = 24 x B . t , u .  p e r  s q u a r e  f o o t  p e r  h o u r  
arrhere Pr i s  t h e  yorrer r e q u i r e d  b:~. h e a t e d  m i r e s ;  PA, 
t h e  p o n c r  r e q u i r e d  by h e a t e d  a i r ;  a n d  V ,  t h e  a i r  s p e e d  
i n  m i l e s  p e r  h o u r .  - 
4. Approximate ly  one-ha l f  = a l l o n  of al-coho1 p o r  hour  
w a s  r e q u i r e d  f o r  t h e  p r e v e n t i o n  of i c e  o v e r  a d i s k  1 0  
i n c h e s  i n  d i a m e t e r  covered  by a r o t a t i n g  wiper  b l a d e  d u r i n g  
m o d e r a t e l y  s e v e r e  icing cond . i t i ons  n t  a i r  syeeds  up t o  1 5 0  
m i l e s  p e r  hour .  
Lzngley  Memorizl A e r o n a u t i c a l  L a b o r a t o r y ,  
Wat ional  Adv i so ry  Com~xi t tee  f o r  A e r o n a u t i c s ,  
Lcngley F i e l d ,  VR. ,  October  1 6 ,  1939.  
TABLE I .  R e s u l t s  of Tunne l  T e s t s  of  Removal a n d  
P r e v e n t i o n  of I c e  on W i n d s h i e l d  by 
El n c t r L c n 1  H e a t i n g  
(Zea ted .  a r e a ,  10 lop 1:) i n c h e s ;  t r a n s ~ n r e n t  a r e a ,  9 by 
9 i n c h e s )  
-- - - - - -- - - 
Power 
r e q u i r e d ,  
m a t t s /  





I c e  p r e v e n t e d  ( s e e  fig. 
1 0 ( a ) ) ,  f o r m a t i o n s  a t  
edge of  t e s t  p a n e l  1-1/4 
i n c h e s  t h i c k .  V i s i o n  
c i e n r .  I c e  showed some 
t e n d e n c g  t o  b u i l d  o u t  
and  o v e r  p n r e l  st t h e  en- 
t e r i n g  edge .  
] 1 c e  removed from a b o u t  20 
n e r c e n t  of  p a n e l  i n  1 5  
m i n u t e s .  (See f i g .  l o ( % ) . )  
I c e  m e l t e d  b e n e a t h  forma-  
t i o n  bu t  w e b l i k e  c r u s t  
n o t  removed e x c e p t  a t  t o p  
of p a n e l .  
I c a  removed f rom 30 p e r -  
c e n t  a f t e r  10 m i n u t e s .  
L o s s  of  e t h y l e n e  g l y c o l  
due t o  l e a k a g e ,  60  p e r -  
c e n t .  No i c e  removed 
o v e r  t h a t  s e c t i o n  n o t  
c o n t a i n i n s  e t h y l e n e  gLy- 
c o l .  T e s t s  d i s c o n t i n u e d  
due t o  f a i l u r e  of  model .  
TABLE 11. R e s u l t s  of F l i g h t  T e s t s  of R e s o v a l  a n d  P r e v e n t i o n  
o f  I c e  on F i n d s h i e l d  by E l e c t r i c  S e a t i n g  
1 
The ice-forming condit ions d i d  not r equ i re  a ria hea te r  except at t h e  
leading edge. Ice  was rezoved from the  unprotected areas  along t h e  
s ides  and a t  the  top of the  heated panel ,  ind ica t ing  that  the  r i m  heat- 
e r s  along those edges were not required. 
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i n c h e s ;  c a b i n  t e m p e r a t u r e  40' F.) 
_______-I--------------------- T 
A l t i -  
tude 
I 
C onlment s 
f t .  I 
- - 
12,000 Ice  prevented over 100 percent  1 of t e s t  panel i n  continuous op- 
12,700 
e r a t  ion,  a l s o  srriall prefo rmed 
formations were removed. Vis- 
i P i l i t y  c lea r .  1 
After  11 minutes, i c e  melted 
f r e e  from pane and was blown I eway from 80 percent of the  
t e s t  panel. The lower edge re-  
14,800 
mained c n e r e d  due t o  i n s u f f i -  
c i en t  power i n  lower r i m  heater .  
I Sl ight  b lurr ing Detween wires 
of t e s t  panel. V i s i b i l i t y  poor. 
Aftar 8 minutes, i c e  formation 
over panel melted f r e e  and I moved sidewise u n t i l  contact  
12,000 
was made with i c e  over adjacent  
erea. R i m  power g rea te r  than 
needed. 
Ice  prevented over 100 percent  I of t e s t  panel. 1 
I 
T A 3 L E  111. Data f r o m  T e s t s  o n  V i n d s h i e i d  P a n e l  When 
Heated by Cabin A i r  H e a t e r  
( T r a n s p a r e n t  a r e a ,  6 by 11 i n c h o s ;  t o t a l  a r e a  h e a t e d ,  9 by 
1 4  i n c h e s ;  z.;32roximate cabin a i r  t e m p e r a t u r e ,  6Q0 F.) 
a ~ u n s  made with panel i n  f ron t  windshield. 
b ~ u n a  made with panel i n  frame on the s ide of the fuselage. 
Figure 1,- E%ee$ricaPIy Be&&@& wizaad~hiald ma&@l m@m&@d in Hgi,b.Cebe 
Figure 2.- Electrically heated windshield model mounted 
in an airplane windshield for flight tests. The 
main windshield it3 cut out to permit the insertion of the 
heated panel. 
Figure 3a.- Photograph of model. 
Pf .A.C.A.  Figs, 3b,e,5 
,-Pane heater 
Rim heate6 , I i 
(b) ( 0  ) 
Sect ion through rim. Wiring diagram of 
heating cirouite. 
Figure 3b, c .- The electrically heated f light-t eat model. 
Inlet -----  n 
f ube 
, , By-pass vul ve 
Figure 5.- The heated-air flight-test model, 
Figure 6,- R o L a t i w  wipes blade mounted in the windshield of ria 
four-place cabin monoplcbne, 
(a] Vie% from &he front of the siqlme, 
Bigture 8,- W eo~nras~re8sX @s&@B 01 %he eolectrio motor-biv6an rotating 
n l p r  Pal&&@, 
N . A . C . A .  Fig. 9 
Direction of motion 
______9 
(a) N.A.C.A. wiper blade and wick, 
( b )  N.A.C,A.  wiper blade only. 
( c )  N.A.C.A. wick only. 
( d )  Plain automobile wiper blade 
(blade in two sections). 
(e) Automobile wiper blade with 
deflector (blade in two sections). 
(f) Commercial design of airplane 
wiper blade. 
Figure 9.- Section views of the blades used in ice-prevention 




(s) Rote freedom front over iag ice ad $he @QB@, 
(b) A large p r t  of the ice on $he mpro.$ee&ed region W ~ B  
b$om aw~y d u r i ~  the desceag o f  the a % ~ % m e ,  
P i m a  %Iese The else%ric&XP~ heated ilia% $e@t  mdel sf&er flights 
giwiw which %c@ wao both preveatsd md removed on $ha 
t e s t  pneB, 
Figure 1Zb, 
(a) View o f  $he blade from in f ron t  of &he &8rp8aaep 
Alcohol was dieebrgsd from $he center of %he 
blade onto $he glass. 
(b] V i e w  o f  $Bee gear md c b f t  Ihrousiq from the %zt%erior 
o f  %he airplane, APcohol was fed $0 $be eentar Q% %he 
blade through &Be gear a d  sbf t  heQu88zg4, 
